Recently a new type of ANA, directed against the centromere region of chromosomes, has been described.3 These antibodies were found especially in patients with the CRST syndrome, a variant of scleroderma characterised by calcinosis, Raynaud's phenomenon, sclerodactyly, and telangiectasia.4 5 Since Raynaud's phenomenon is often an early manifestation of scleroderma and especially of the CRST
Raynaud's phenomenon is characterised by attacks of digital pallor on exposure to cold or emotional stimuli, followed by cyanosis, while painful reddening of the fingers occurs on warming. The phenomenon may precede the development of a connective tissue disease, especially scleroderma, by many years,' although at the first presentation of cases we have often found asymptomatic systemic disease already present. 2 We have shown2 that the presence of antinuclear antibodies (ANA) in patients presenting with Raynaud's phenomenon may predict the presence of systemic disease. Moreover, the titre of the autoantibodies correlated with the number of organ systems affected.
Recently a new type of ANA, directed against the centromere region of chromosomes, has been described.3 These antibodies were found especially in patients with the CRST syndrome, a variant of scleroderma characterised by calcinosis, Raynaud's phenomenon, sclerodactyly, and telangiectasia.4 5 Since Raynaud's phenomenon is often an early manifestation of scleroderma and especially of the CRST syndrome, screening patients with Raynaud's phenomenon for anticentromere antibodies could be of value in establishing the presence or predicting the development of a specific disease like the CRST syndrome. In the present study we tested 138 patients, referred to us because of Raynaud's phenomenon, for the presence of antinuclear antibodies and for signs and symptoms of a connective tissue disease. We also assessed the diagnostic significance of the antigenic specificities of the autoantibodies. In addition we describe the clinical spectrum of 22 patients with antinuclear antibodies directed against the centromere region of chromosomes.
Materials and methods

SUBJECTS
One hundred and thirty eight patients (91 female and 47 male) with a diagnosis of Raynaud's phenomenon were studied. All patients were referred by their physicians to the department of vascular diseases because of the clinical severity of the phenomenon.
The diagnosis of Raynaud's phenomenon was based on a typical history and on abnormal plethysmographic patterns during cold provocation and/or 382 warming-up.6 The severity of Raynaud's phenomenon was graded 0 to 5 on cooling and warming. Excluded from this study were patients using drugs known to provoke the phenomenon and patients with large-vessel obstructive arterial disease, a history of trauma to the vessels, a thoracic outlet syndrome, or a carpal tunnel syndrome. In all patients a careful history was obtained and a physical examination was performed. In addition routine laboratory studies, chest roentgenogram, x-ray studies of the hands, and an electrocardiogram were performed in all cases. Pulmonary function studies, including diffusing capacity (TLco), and barium swallow studies of the oesophagus in the horizontal position were done in most cases. When indicated, other investigations, including biopsies, were carried out. In all patients blood was taken for determination of serum antinuclear antibodies, rheumatoid factors, perinuclear factor, and levels of immunoglobulins. Antibodies to extractable nuclear antigens were determined by counterimmunoelectrophoresis against a soluble rabbit thymus extract (Pel Freeze Biologicals, Rogers, Arkansas), according to Kurata and Tan."' By RNase digestion of the extract and by using reference sera of aRNP and aSM antibodies (kindly provided by Dr E M Tan) the antigenic specificity of the antibodies (directed against RNP, Sm, or other nuclear antigens (o)) was determined. Antibodies to double-stranded or native DNA (adsDNA) were detected by indirect immunofluorescence with the kinetoplast of Crithidia luciliac as a substrate.'2 Anticentromere antibodies were detected by indirect immunofluorescence on chromosomal spreads of HEp-2 cells as a substrate.3 Briefly, HEp-2 cells were cultured in tissue culture medium, supplemented with 10% newborn calf serum. The cells were then treated with vinblastin (5 ,g/ml) for 4 hours and harvested. After washing in RPMI (Roswell Park Memorial Institute) 1640 medium the cells were incubated in 0 075 M KCI at 37°C for 10 min, centrifuged, and sedimented on to slides by cytocentrifugation. Slides were fixed in ice cooled ethanol for 10 min. The slides were used for demonstrating anticentromere antibodies by indirect immunofluorescence. The chromosomes were counterstained with 10 ,g/ml of ethidium bromide for 5 min.
Results
In 138 patients, 47 male and 91 female, a diagnosis of Raynaud's phenomenon was established. According to the diagnostic criteria described above 76 patients (55%) could be classified as having a connective tissue disease, the majority having scleroderma (40 patients with scleroderma, 10 patients with CRST syndrome) ( Table 1) . These 76 patients were considered to have secondary Raynaud's phenomenon.
In 62 patients (45 %) no specific diagnosis could be made, although 24 had one or more symptoms of a systemic disease (Table 1 ). These were designated as patients with 'suspected secondary' Raynaud's phenomenon. The phenomenon was more severe in patients with CRST and MCTD (Table 1) .
Antinuclear antibodies (ANA) in significant titre were present in 53 % of the patients. In patients with primary Raynaud's phenomenon only 6 out of 38 (16%) had ANA. In contrast 17 out of 24 patients (71 %) with Raynaud's accompanied by symptom(s) of systemic disease (suspected secondary phenomenon) were ANA-positive. ANA were detected in 21 out of 40 patients (53%) with scleroderma and in 7 out of 10 patients with CRST syndrome. All patients with MCTD and SLE and 5 out of the 9 patients with other connective tissue diseases were ANA-positive (Table 2 ). In general, titres of ANA were higher in patients with Raynaud's phenomenon as part of a connective tissue disease than in patients with isolated Raynaud's ( Table 2) . By using fibroblast monolayers as a nuclear substrate fluorescence patterns of ANA were easily detected (Fig. 1) . A nucleolar pattern on a homogeneous background (Fig. 1) was found in 4 patients with scleroderma and in 2 patients with primary and suspected secondary Raynaud's phenomenon respectively. This pattern, however, was not a sensitive indicator of scleroderma. The homogeneous pattern (Fig. 1) , found in 5 out of 7 patients with SLE (4 of them with antinative DNA antibodies), was not specific for this disease ( Table  2 ). The speckled pattern of staining of fibroblast nuclei could be divided into a diffuse granular pattern sparing nucleoli and a discrete finely speckled variety (Fig. 1) . The diffuse granular appearance was seen in all patients with MCTD, but was also seen in some patients with other CTD; in 15 out of 29 patients this pattern was produced by antibodies against extractable nuclear antigens detected by counterimmunoelectrophoresis (Table 2) .
When chromosomal spreads of HEp-2 cells arrested in metaphase were used as substrate, it was found that the antibodies responsible for the discrete speckled pattern on fibroblast monolayers were directed against the centromere region of chromosomes (Fig. 2) . These anticentromere antibodies were found in all ANA-positive patients with CRST syndrome (7 out of 10), and also in 7 patients with scleroderma without calcinosis, in 7 patients with suspected secondary Raynaud's phenomenon, and in one patient with Sjogren's syndrome. The clinical characteristics of these 22 patients are given in Table   3 . These patients were especially'characterised by the presence of Raynaud's phenomenon (100%), sclerodactyly (73%), telangiectasia (68%), a history of arthritis or arthralgia (77%), and loss of pulmonary function (decreased diffusing capacity, 76%).
Oesophageal hypomotility was present in 45% of these patients. Other systemic manifestations such as kidney and heart involvement were usually absent. In the 3 patients with CRST without these antibodies no other ANA were detected. between these immunological aberrations and the supposed microvascular disease is not clear. In the present study the clinical significance of antinuclear antibodies in Raynaud's phenomenon was further evaluated. Firstly, when ANA were detected in the serum of a patient, systemic manifestations were likely to be present. Thus of all the patients with ANA only 6 had primary Raynaud's, whereas 67 had Raynaud's phenomenon associated with systemic disease. Secondly, the fluorescence pattern of ANA proved important. By using fibroblast monolayers as a nuclear substrate for detection of ANA, fluorescence patterns could be readily differentiated. This applied especially to the discrete finely speckled pattern produced by sera with anticentromere antibodies, which were clearly detectable on this substrate. These sera were usually ANAnegative when rat liver sections were used as a substrate.t4 As to the other patterns, nucleolar fluorescence produced by antibodies against nucleolar 4-6 S RNA15 and often seen against a positive homogeneous background was in general restricted to scleroderma, although not a sensitive indicator of this disease. The homogeneous pattern was often found group.bmj.com on June 22, 2017 -Published by http://ard.bmj.com/ Downloaded from in patients with SLE but was also observed in other conditions. The speckled pattern could be divided into a diffuse granular pattern with sparing of nucleoli, and a discrete finely speckled pattern, which was exclusively produced by anticentromere antibodies.
Anticentromere antibodies were recently described by Tan,4 in 12 out of 21 patients with CRST syndrome (57 %) and in 2 out of 24 with scleroderma (8 %), and by Fritzler et al. ,' in 26 out of 27 patients with CRST (96 %) and in 3 out of 26 with scleroderma (12 %). In our study patients were selected for the presence of Raynaud's phenomenon. Since the phenomenon often precedes development of scleroderma or CRST, one might have expected to find patients with early CRST or scleroderma in our group. Like other authors we found the antibodies in 7 out of 10 patients with CRST syndrome (70%). In the 3 patients with CRST who lacked these antibodies no other specificities of ANA were found. Since only a titre of ANA >.1:100 was considered as positive, anticentromere antibodies could have been present in these 3 patients in lower titre. In addition 7 out of 40 patients with scleroderma (18%) had anticentromere antibodies. Clinically these patients had sclerodactyly, Raynaud's phenomenon, and telangiectasia, with proximal scleroderma restricted to the face. But they lacked calcinosis and involvement of heart and kidneys. Finally, these antibodies were detected in 7 out of 24 patients with Raynaud's phenomenon associated with symptoms or signs of a connective tissue disease. In this group of patients sclerodactyly, arthritis or arthralgia, telangiectasia, and pulmonary function disturbances were frequently present, and they may represent an early stage of CRST or scleroderma. Follow-up studies will thus demonstrate the predictive value of anticentromere antibodies.
Although anticentromere antibodies seem to be a marker of the CRST syndrome and might have a predictive value as to its development, their pathogenetic significance is not clear. Further studies may show whether they are involved in the pathogenesis of the chromosomal abnormalities which are described in scleroderma.16 Whatever their pathogenetic significance, antinuclear antibodies in patients with Raynaud's phenomenon are an important indicator of underlying systemic disease. 
